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Role of JS Topical Group
• Performance:  

➡ quantify sPHENIX experimental capabilities 
➡ provide guidance to Collaboration for design decisions / reviews  

• Physics:  
➡ keep abreast of scientific developments  
➡ determine where our physics program can be most impactful 

• Simulations/software: 
➡ keep up with / test latest updates in the simulations framework 
➡ develop tools for eventual analyzers 

• Organizational/support:  
➡ provide plots/input for sPHENIX talks/posters/proceedings/reviews

2

slide from Dec. ’16 sPHENIX Collab. Mtg



Some HF-JS overlaps: 
performance

• Measurement of jet properties 
➡ E-scale/resolution, for all truth-tagged b-jets and for ones passing 

experimental b-identification 
➡ interaction with Particle Flow-style jet reco? 

➡ may want to explore mass / zg / grooming / etc. performance 
separately 
➡ but difficult to imagine statistics for very differential substructure 

measurements for full HF-tagged jets 
• Selection of hard-scattering jets 

➡ purity for real jets among set of all jets with a b-tag  
➡ efficiency for b-tagged jets for various “fake jet rejection” schemes
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Some HF-JS overlaps: physics

• Fragmentation functions for HF hadrons 
➡ like early MIE proposal studies (left), but with reduced combinatoric 

background by requiring hadrons in jets   
• Photon-HF hadron correlations 

➡ physics advantage of e.g. photon+b-jet (right), but better statistics 
and no jet performance required  

• Statistical projections 
➡ update expected yields of inclusive/c/b-jet for projected Au+Au, p

+Au, and p+p luminosities & tagging efficiency * BF
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FIG. 5. The isolated-photon-tagged b-jet asymmetry distribution is shown for different coupling strengths between the jet and
the medium. We have b-jet transverse momentum pjT > 40 GeV. Left panel: 40 < pγT < 80 GeV. Right Panel: 80 < pγT < 120
GeV. Bands correspond to a range of masses of the propagating system between mb and 2mb. Blue, red, and green bands
correspond to gmed = 1.8, 2.0, 2.2, respectively.
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FIG. 6. The B-meson-tagged b-jet asymmetry distribution is shown for different coupling strengths between the jet and the
medium. Kinematic cuts and jet-medium couplings are the same as in Fig. 5 with the replacement γ →B.

the mass M of the propagating parton system in the final state is implemented as in [20]. In this illustration for
the 3D plots of RAA, we set M = 2mb, twice the b-quark mass, and choose the coupling between the jet and the
medium gmed = 2.0 [6, 20]. The coupling between the final-state partons and the medium is the largest uncertainty
in our nuclear modification model. It affects the absolute value of the cross section suppression/enhancement but
does not alter the qualitative behavior of RAA, which we now discuss. As one can see clearly, the largest suppression
is observed when the transverse momenta of the trigger particle and the b-jet are similar: pγ,BT ≈ pjT . For pjT < pγT ,
there can be an enhancement of the cross section for γ+b-jet production, which is consistent with what was observed
in γ+light-flavor-jet production [39, 42]. For pjT > pγT , the b-jet suppression is somewhat smaller than the quenching
of inclusive b-jets [20, 21], because the fraction of γ-tagged b-jets originating from a prompt gluon is smaller. The
fluctuations arise from the Pythia 8 limited statistics for small, steeply falling baseline cross sections, especially when
pγT and pjT are significantly different from each other. On the other hand, we find that the overall suppression is
stronger in B-meson+b-jet production than that of photon+b-jet production since both the parton that fragments
into the B-meson and the b-jet lose energy when they traverse the medium, while the isolated-photon does not lose
energy. When pjT ≫ pBT , or p

j
T ≪ pBT there can be a strong enhancement in RAA [7], which we don’t see in the more

limited kinematic range that we study. The overall 2D suppression pattern is more uniform than for light jets.
Next, we consider the tagged b-jet event asymmetry. For this purpose, we define the following variables to represent

the momentum imbalance of the γ+b-jet as well as B+b-jet events, zjγ = pjT /p
γ
T , zjB = pjT /p

B
T . Based on our
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efficiency of 50%. This projection indicates that with the given pT binning, the RAA will have good
statistical power out to 40 GeV, enabling a measurement of inclusive b-jet suppression over a large
kinematic range. Furthermore, b-tagged jet-hadron correlation analyses (such as those described
in Sections 4.5 and 4.6) may offer the opportunity to probe how the internal structure of heavy
quark-initiated jets is modified by the medium.

Reconstruction of charm jets with similar methods described above is very challenging. However,
with the ability to reconstruct secondary vertices, we can reconstruct D mesons via their p + K
decay channel for example and then associate them with reconstructed jets via the calorimeter.
Shown in Figure 4.37 are the simulated reconstructed invariant mass for all charged particle pairs
assuming one is a pion and one is a kaon in 0-10% central Au+Au collisions. The histograms
are the real D meson contribution where the daughter product masses are assigned correctly and
where they are swapped. The simulation includes HIJING generated uncorrelated and correlated
backgrounds. The signal to background is small at low pT as expected and increases significantly
at higher pT. The precision secondary vertex reconstruction provides the important background
suppression. Associating these D mesons with reconstructed jets then allows a measure of the
fragmentation functions which is predicting to have large energy loss sensitivity.
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Figure 4.37: Shown are the invariant mass distributions of reconstructed charged particle track pairs
in pT bins of 3-4 GeV/c (left) and 7-8 GeV/c (right). The histograms indicate the contribution from
correctly matched D mesons and cases where the daughter mass assumption is swapped.

4.8 Proton-Nucleus Collision Jet Physics

In addition to a rich program of jet studies of hot nuclear matter, sPHENIX will able to capitalize on
its capabilities to study high-pT processes in “cold” nuclear systems, provided by a high statistics
p+Au 200 GeV run. Measurements of hadron, jet and photon cross-sections in p+Au collisions are
important for a number of reasons. At their most basic level, they provide an overall test of pQCD
calculations of hard processes based on the standard collinear factorization and parton distribution
function formalism. They are also sensitive to the so-called “cold nuclear matter” effects, which
may arise from a number of sources including the modification of the parton densities in the
nuclear environment, the initial state energy loss of the hard scattering partons, and so forth. More
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Some HF-JS overlaps: tools
• Consistent truth-level tagging 

➡ tool developed within software framework for jet parton-flavor 
tagging at the generator level 

➡ being integrated into Jet Structure work, possibly with 
extensions (initial-state flavor, HF process info)? 

• Harmonization of simulation efforts 
➡ consistency of tracker description & reco settings always 

important 
➡ common set of background Hijing hits files for QM-timescale 

simulation results: /sphenix/sim/sim01/production/sHijing/2016-12-21/fm_0-4/ 
• Development of “standardized” set of analysis tools 

➡ HF group is leading the way w/ b-tagging tools in git 
➡ a major goal within the JS group is to follow suit on, e.g. high-

level photon objects, fake jet rejection, PFlow reco, etc.
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